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MEASUREMENT OF MELTING POINTS OF MULTIPLE SAMPLES 



Background of the Invention 

This invention is concerned with a method of measuring temperature values 
associated in particular with melting points, but with also decomposition points or 
softening points, for multiple samples of polymers or other substances, and also with 
apparatus for putting the method into practice. The method of the invention is 
especially, but not exclusively, suitable for providing melting point values for arrays 
of polymer samples. 



Conventional methods of measuring melting points, such as observing a sample in a 
capillary tube or use of Differential Scanning Calorimetry (DSC) are time consuming 
and mvolve assessing one sample at a time. Even when automated, DSC can deal 
with only around 12 samples per hour. 

The growth of combinatorial chemistry into the polymer JBeld, has resulted in a 
requirement for rapid assessment of the physical properties of new polymers. In 
particular there is a need for a melting point measurement system that can be adapted 
for the screening of multiple samples in a single operation. 

Summary* of the Invention 

The present invention is based on the finding that visual observations of a sample as it 
melts can detect a significant change in luminosity or reflectance of the sample 
consequent upon a change of phase of the sample fi-om solid to liquid and vice versa. 
The change in luminosity or reflectance can be correlated with the temperature of the 
sample to give a reproducible melting value that can be used in rapid assessment of 
the physical properties if tiie sample. Further, using image processing technology, 
multiple samples can be screened for luminosity or reflectance changes in a single 
operation. 
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In its broadest aspect the present invention provides a method of measuring a 
temperature value associated with melting, softening or decomposition, comprising: 
providing a sample support plate; 
placing a plurality of discrete samples on the support plate; 
5 varying the temperature of the support plate; 

observing the sample to detect a change in luminosity or reflectance caused by a 
change in state of the sample; 

recording the temperature of the plate associated with the change in luminosity or 
reflectance, 

10 

The invention has been conceived primarily as a means for rapidly obtaining a meltmg 
point value for comparison of the physical charactmstics of the members of a library 
of samples, especially polymer samples. However, the method of the invention may 
also be used to record tempexatuies associated with other changes of state, such as 
15 softening or decomposition, which result in a change of luminosity or reflectance. 

Typically the support plate is a sample tray on which the plurality of samples may be 
arranged in a preferably regular array. 

20 The support tray may be placed on a heat source, such as a heating element or block 
with a controlled heat input so that its temperature can be varied continuously or 
incrementally 

The samples are preferably observed by a imaging device such as a camera,- preferably 
25 a digital camera that can output digital image data. Most suitably a camera that 
provides a continuous output of image data is used, for example, a webcam, so that 
the luminosity or reflectance of the sample(s) can be continuously monitored. Most 
preferably the image output of the camera is monitored by image processing software 
arranged so that it monitors areas of the image corresponding to the location of the 
30 samples on the support plate. To ensure adequate imaging the samples are preferably 
illuminated by a light source so as to give constant luminosity for all experiments. 
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Accordingly a preferred aspect of the invention comprises 
fonning an array of samples onto a support tray; 

placing the support tray onto a heating device provided with temperature sensing 
means; 

5 illuminating the support tray and observing the array of samples by a imaging device; 
varying the temperature of the heating device over a temperature range from below the 
anticipated melting, softening or decomposition point of the samples to above the 
anticipated melting, softening or decomposition point of the samples; 
feeding the unage data from the imaging device to an image recording device dxiring 

10 the temperature variation sequence; 

recording temperature values for the temperature of the heating device associated with 
each feed of image data; 

reviewing the image data to detect changes in the image, such as image intensity, at 
each or selected sample locations; 
15 logging the temperature of the heating device recorded in respect of an image change 
associated with a change in state of a sample. 

Most suitably, image processmg software is xised to detect changes in the image, for 
example in the intensity of the image, at each sample location. Therefore, in a 

20 preferred embodunent of the invention the heating device is provided with 

temperature sensing means that gives a computer readable output of tiie temperature 
of the block; the imaging device is a digital camera or webcam that feeds images to a 
computer loaded with the image processing software; the computer records 
temperature data associated with each image; and the image processing software is 

25 used to detect changes in the image intensity at each or selected sample locations; and 
flie temperature associated with a significant change in intensity is noted. 

In a preferred procedure, typically using a webcam as the digital camera, sequential 
images transmitted to the computer are stored in the computer memory with a 
30 temperature value transmitted from the heating block at the time of creation of the 
image, and after completion of the heating cycle the stored images are processed to 



generate data relating to the intensity of the image at selected sample locations, and 
the intensity data and temperature data are used to generate a plot of intensity against 
temperature from which melting point values for the selected samples can be assessed. 

The present invention also provides apparatus for measuring melting, softening or 
decomposition point values comprising: 

a heating device provided with temperature sensing means that gives a computer 
readable output of the temperature of the block; 

a sample support tray tiiat can be placed on the heating device to heat samples placed 
on the support tray; 

a camera that can be positioned to observe samples on the support tray; 

means for illuminating the samples for observation by the camera; 

control means for varying the temperature of the heating block over a temperature 

range from below the anticipated melting, softening or decomposition point of the 

samples to above the anticipated melting, softening or decomposition point to the 

samples; 

a computer to receive image data from the digital camera and temperature data from 
the sensing means on the heating block; 

an image processing program loaded in the computer and operable to detect changes 
in the image received from the digital camera, for example monitoring the intensity of 
the image; at each or selected sample locations; 

recording meaiis to log images at each or selected sample locations and record the 
temperature of the heating block associated with the images, whereby significant 
changes in the images can be correlated with the temperature of the heating block. 

The invention is described in more detail below, by way of example only, with 
reference to the accompanying drawings, showing a working embodiment of an 
apparatus for practising tiie method of the invention. 

Brief Description of the Drawings 

Figure 1 is a schematic side view of apparatus in accordance with the invention; 
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Figure 2 is a sectional side view of a sample support tray used in the apparatus of 
Figure 1; 

Figure 3 shows part of a sequence of images provided by a webcam of a loaded 
sample support tray in the apparatus of Figure 1 at different temperatures; (a) at 25^C, 
5 (b)at85**C,(c)atl80°C; 

Figure 4 is a screen shot from image processing software used for processing images 
of heated samples, showing the tagging of samples for study; 

Figures 5 and 6 show sample plots of image intensity against temperature using values 
obtained by processing images of heated samples of organic compoimds (Fig. 5) and 
10 polymers (Fig. 6). 

Detailed Description of the Invention 

The present invention makes use of the property that solid substances undergoing a 
phase change, for example, from solid to liquid on melting, exhibit a change in 
1 5 luminosity, or reflectance consequent on a change firom a solid form which is 
substantially opaque to a liquid form which is substantially translucent. 

In the present invention this property is used to obtain a temperature value for changes 
of state, such as melting point, softening point or decomposition point The main 
20 features of the invention are: providing a sample support plate; placing sample 

compounds or polymers on the support plate; varying tixe temperature of the support 
plate; observing the samples to detect a change in luminosity or reflectance caused by 
a change in state, especially a phase change of the samples; and recording the 
temperature of the plate when the change in limiinosity or reflectance occurs. 

25 

Referring to Figure 1 of the accompanying drawings, in a preferred embodiment of the 
present invention, melting point values, especially of a library of polymer samples, are 
measured by loading samples (1) of polymers or other substance of interest onto a 
support tray (2) in a regular array. The samples can be loaded as discrete solid 
30 particles or granules, or as drops of molten sample, which are allowed to solidify 
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before testing, or as a flowable solvent-containing form, from which the solvent is 
evaporated before testing. 

The loaded support tray (2) is placed onto a heating block (3) provided with 
5 temperature sensing means (4) that gives a computer readable output of the 

temperature of the heating block (3). The samples (1) are viewed by a digital camera 
(5), conveniently a webcam. The samples (1) are illuminated, for example by light 
bulbs (7), so that they are viewed under standardised conditions. 

When the support tray (2) has been loaded with samples (I) and located on the heating 
block (3), the temperature of the heating block (3) is varied over a temperature range 
from below the anticipated melting point of the samples (1) to above the anticipated 
melting point of the samples (1). During the heating cycle, image data from the 
digital camera (5) is delivered to a computer (6) loaded with image processing 
software. The hnage processing software is used to monitor tibie intensity of the image 
of the loaded support tray (2) at each (or a selected) sample location. At the same time 
temperature data is delivered to the computer (6) from the temperature sensor (4) in 
the heating block (3), so that the temperature associated with, a change in the image 
which corresponds to the change in luminosity or reflectance expected to result from a 
phase change hi a sample (1), can be recorded. 

Apparatus suitable for measuring melting point values in accordance with the method 
of this invention mcludes: 

a heating block (3) provided with temperature sensing means (4) that gives a computer 
25 readable output of the temperature of the block; 

•a sample support tray (2) that can be placed on the heating block (3) to heat samples 
(1) placed on the support tray (2); 

a digital camera (5), such as a webcam:, that can be positioned to observe samples (1) 
on the support tray (2); 

30 light bulbs (7) or other means for illuminating the samples (1) on the support tray (2) 
so that the samples (1) can be viewed by the digital camera (5); 
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control means for varying the temperature of the heating block (3) over a temperature 
range from below the anticipated melting point of the samples (1) to above their 
anticipated melting point; 

a computer (6) linked to the digital camera (5) so as to receive image data from the 
5 digital camera (5) and temperature data from the sensing means (4) on the heating 
block (3); 

an image processing program loaded in the computer (6) and operable to detect 
changes in the digital camera image, for example in the intensity of the image, at each 
sample location; 

10 recording means, typically in the computer memory, to record images of the sample 
locations and record the temperature of the heatmg block (3) associated with the 
images so that changes in image intensity can be correlated with the temperature of 
the sample. 

1 5 The system of this invention is in principle operable to measure melting point values 
from both the phase change liquid-to-solid i.e. allowing the heating block to cool from 
a temperature above the solidification point of a sample, and for the phase change 
solid-to-liquid i.e. raising the temperature of the heating block from a temperature 
below the melting point of a sample. However the most convenient mode of 

20 operation is to make measurements by heating the sample to generate the phase 
change solid-to-liquid, and the mvention will be described below on tiiat basis. 

The term "melting point values" is \xsed rather than "melting point", because the aim 
of this invention is not so much to provide accurate melting points, which would 

25 require accurate calibration of the apparatus used, but to provide mutually consistent 
melting data that can be used for comparison of the physical properties of multiple 
samples, for example in a library of polymer samples created using combinatorial 
preparation techniques. The system can also be used to detect softening points or 
decomposition points, which will also cause a significant change in the reflectance of 

30 a sample. 
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As the heating block (2), a customised unit made by Ventacon (Winchester, Hants, 
UK) with embedded heating element has been successfully used. This may be 
coimected to an autotune temperature controller such as Model 3300 from Cal 
Controls Ltd (Hitchin, Herts., UK). Suitable illumination for operation of the digital 
camera (5) is provided by two tubular strip lamps (284 mm length, 60 watts). The 
digital camera (5) may be a low-cost webcam, and preferably provides image data at a 
minimum of one frame per second. As a webcam, the Quickcam Model from Logitech 
has been successfully used. 

Although the system of the invention may be used for single samples, or a small 
number of samples, a key aim of the invention is to provide rapid screening of 
multiple samples, such as a library of polymer samples obtained using combinatorial 
techniques. 

Using the webcam mentioned above at a distance of 55 mm from the sample tray, 
satisfactory images for image processing have been obtained using a 60 mm x 60 mm 
sample tray provided with 45 (an array of 9 x 5) sample cells of 2 mm diameter. 

As shown in Figure 2, a sample support tray (20) is preferably formed with 
depressions (22) to act as cells to receive deposits (21) of samples of interest. The 
depressioris may be formed for example by punching and deformation of a metal sheet 
or by drilling. The cells are not essential, but serve to ensure fliat the samples are 
placed in a regular array for recognition by the image processing software, and also to 
prevent undesirable spreading of liquefied samples. To avoid contamination of 
subsequent samples the support tray is preferably disposable after use. To emphasise 
the contrast between opaque samples and translucent liquid samples, the support tray 
preferably has a black fmish. Then in a monochrome image, the samples appears to be 
'Svhite" so that the phase change effectively is a transition from a 'Svhite" image of an 
opaque solid sample and a "black" image where a transparent liquid effectively has a 
similar intensity as the background. 
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Figure 3 shows three images from a sequence of webcam images obtained by 
observing samples on a black tray during a programmed rise in temperature in a 
procedure in accordance with this invention. In Figure 3(a), the iBrst frame of a 
sequence of 1 58 image frames, six samples show as a white spots on a dark 
5 background at 25°C before melting takes place; in Figure 3(b), frame 82 of 1 58, at 
85°C samples marked by arrows have melted and become colourless or transparent; in 
Figure 3(c), the final frame, at 180^C all samples have melted and become colourless. 
In the samples marked by arrows in Figure 3(b), the change in image intensity from 
while sample to black background (seen through a colourless or transparent melted 
10 sample) at a sample location is clearly seen. 

The image processing software needs to be capable of assessing changes in selected 
areas of the webcam image corresponding to sample locations. The selection may be 
made manually using a mouse or other pointing device. The software may also be set 

15 up to automatically examine pre-selected areas corresponding to tiie fixed array of 
sample locations of the sample support tray. The software needs to be able to detect a 
change of colour intensity, which when the support tray is configured as above, is a 
change from white to black in the selected area of a monochrome image. The 
"change" event can then be recorded with an identifier of the sample location and 

20 previously-mput data to uniquely identify each sample location of the array of samples 
under test; together with the temperature ou^ut from the sensor ui the heating block at 
the tune of the change. Depending on the fi:ame rate of the image data output from 
the webcam, it may be possible for the software to produce a melting profile for each 
sample. The commercially available Image Plus Pro system of Media Cybernetics 

25 (Carlsbad, Calif, USA) has been used successfiiUy in the system of this invention. 

The principles of Ihe system of this invention have been described above as 
effectively a 'Veal-time" procedure, so as to explain the essential elements of the 
system. However, rather than detecting the image changes in real-time, it may be 
30 more convenient and efficient to record sequential images of the samples as the 
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heating block is heated throx^ the expected melting point range. The image data can 
then be analysed in respect of selected samples of interest. 

In a ^ical procedure, the heat controller is set to raise the temperature of the heating 
block, and the sample tray, at 10 ''C per minute. The image data obtained by the 
webcam is stored, and then subsequently examined at one image every 5 seconds to 
reduce the amount of data to be processed. This means that one image is assessed for 
each 0.5 °C rise in temperature, which is sufficient for screening purposes. The image 
sequence is recorded in grey scale or in colour, where >^te pixels have the maximum 
intensity and black pixels no intensity. Selected samples are "tagged" for processing 
by the software in the first image from tiie webcam i.e. where all the samples are 
soUd. Figure 4 shows a screen shot from hnage Plus Pro displayed during this 
procedure. Using the computer mouse, the six samples in the webcam image are 
marked with a circle on the displayed image and assigned sequential reference 
numbers 1 to 6 by the software. The "white" intensity of flie each tagged spots are 
determined by the software and displayed in an adjacent window. An empty location 
is tagged as reference point 7 and its intensity provides a background value. The 
reference numbers and associated intensities can be exported to a spreadsheet to give a 
plot of intensity against temperature. From this plot the chaoge of white to colourless 
i.e. equivalence to the black background, can be assessed, and hence the change in 
phase from soUd to liquid detected. The melting pomt value can be assessed by the 
user of the software from the plot, or suitable threshold values can be pre-set to aUow 
an automatic computation of the melting point value. 

Some typical plots are shown in Figure 5 for sample organic compounds and in Figure 
6 for sample polymers. As shown, several plots can conveniently be combmed by 
software m a single display so that the properties of multiple samples can be 
compared. 
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Industrial Applicability 

The melting point measurement system described above is particularly suitable for the 
screening of multiple samples in a stagle operation. This allows r^id assessment of 
the physical properties of new polymers prepared using combinatorial chemistry 
.5 techniques. As a result, new polymers having properties usefid for further 
development for specific industrial and other uses can be rapidly identified. 
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CLAIMS 

1 . A method of measuring temperature value associated with melting, softening 
or decomposition, comprising: 

5 providing a sampl e support plat e ; 

placing a plurality of discr e t e samples on th e support plat e ; 
varying th e temp e ratur e of th e support plate; 

obs e rving the sampl e to det e ct a change in liuninosity or r e fl e ctanc e caus e d by a 
change stat e of th e sampl e ; 
10 r e cording the temp e ratur e of th e plat e associated with the change in luminosity or 
r e flectance. 

forming an array of samples on a support trav: 

placing the support trav onto a heating device provided with temperature sensing 
means: 

15 illuminating the support trav and the whole arrav of samples: 

imaging the array of samples by a digital device: 

varying the temperature of the heating device over a temperature range from below 
the anticipated melting, softening or decomposition point of the samples: 
feeding an image of the whole array to a digital computer during the temperature 
20 variation sequence: 

recording temperature values for the temperature of the heating device associated with 
each feed of image data: 

reviewing the image data using image processing software loaded in the computer to 
detect changes in the image of the array, at each or selected sample locations: 
25 logging the temperature of the heating device recorded in respect of an image change 
associated with a change in state of a sample . 

2. A method according to claim 1, in which images of th e sample support plate are 
revi e w e d to d e tect a change of imago int e nsity at sample locations, cons e quent on a 

30 chang e of state of the sample, the image processing software detects changes in image 
intensity at sample locations. 
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3. A method according to claim 2 in which an imaging devic e f ee ds imag e s of th e 
sampl e support plat e to a comput e r, and a t e mp e ratur e s e nsing devic e fe e d t e mp e ratures 
to the comput e r, for association with the imag e s, and imag e proc e ssing softwar e is used 
5 to revi e w the imag e s to d e t e ct changes in imag e int e nsity, so that chang e s in intensity 
cons e qu e nt upon a chang e in state of th e sampl e can b e associat e d with t e mp e rature 
valuer the heating device is provided with temperature sensing means that gives a 
computer readable output of the temperature of the block: the imaging device is a digital 
camera or webcam that feeds images to a computer loaded with the image processing 
10 software: the computer records temperature data associated with each image; and the 
image processing software is used to detect changes in the image intensity at each or 
selected sample locations: and the temperature associated with a significant change in 
intensity is noted . 



15 4. A method of m e asuring t e mp e ratur e value associat e d with m e lting, soft e ning or 
d e composition according to claim 3, comprising: 
forming an array of sampl e s on a support tray; 

placing th e support tray onto a heating d e vic e provid e d with temp e ratur e s e nsing 
m e ans; 

20 illuminating th e support tray and obs e rving th e array of sampl e s by an imaging d e vice; 
varying th e t e mp e ratur e of th e h e ating devic e ov e r a t e mp e ratur e rang e from b e low th e 
anticipat e d m e lting, soft e ning or d e composition point of th e samples to abov e th e 
anticipat e d m e lting, softening or d e composition point of sampl es ; 
f ee ding image data fi-om th e imaging devic e to an imag e r e cording d e vic e during the 

25 t e mp e ratur e variation sequ e nc e ; 

r e cording t e mp e ratur e values for th e t e mp e ratur e of th e h e ating devic e associat e d with 
e ach f ee d of imag e data; 

r e viewing th e imag e data to d e t e ct chang e s in the image, such as imag e intensity, at 
e ach or s e l e ct e d sample locations; 
30 logging th e t e mp e rature of th e h e ating d e vic e r e cord e d in respect of an imago change 
associat e d with a change in stat e of a sample. 
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according to claim 3, in which sequential images transmitted to the 
computer are stored in the computer memory with a temperature transmitted from the 
heating block at the time of creation of the image, and after completion of the heating 
cycle the stored images are processed to generate data relating to the intensity of the 
5 image at selected sample locations, and the intensity data and temperature data are 
used to generate a plot of intensity against temperature from which melting point 
values for the selected samples can be assessed. 

5. A m e thod according to claim 4 in which image proc e ssing softwar e is used to 
10 d e t e ct chang e s in th e imago, for e xampl e the whit e int e nsity of th e image, at e ach sample 
location. Apparatus for measuring melting point values comprising: 
a heating device with temperature sensing means that gives a computer readable 
output of the temperature of the block: 

a sample support tray that can be placed on the heating device to heat samples placed 

15 on the support trav: 

a digital camera that can be positioned to image all samples on the support tray; 
means for illuminating the samples for observation by the camera: 
control means for varying the temperature of the heating device over a temperature 
range from below the anticipated melting, softening or decomposition point of the 

20 samples to above the anticipated melting, softening or decomposition points of the 
samples: 

a computer to receive image data from the camera and temperature data from the 
sensing means on the heating block: 

recording means to log images of the support tray and samples and record the 
25 temperature of the heating block: 

an image processing program loaded in the computer and operable to review the 
images received from the camera, and monitor the intensity of the image at each or 
selected sample locations: 

whereby significant changes in the images can be correlated with the temperature of 
30 the heating block. 
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6. A m e thod according to claim 5, in which the h e ating device is providod with 
t e mp e ratur e sensing m e ans that giv e s a comput e r r e adabl e output of the temp e ratur e of 
th e block; th e imaging d e vic e is a digital cam e ra or w e bcam that f ee ds images to a 
comput e r loaded with th e imag e proces s ing software; th e comput e r records temp e ratur e 
5 data associat e d with e ach imag e ; and th e imag e proc e ssing softwar e is us e d to d e t e ct 
chang e s in th e imag e int e nsity at e ach or sel e ct e d sample locations and th e t e mp e ratur e 
associat e d with a significant change in intensity is not e d. Apparatus according to claim 5 
in which the camera is a webcam transmitting 
image data to the computer during the heating sequence. 

10 

^ A m e thod according to claim 6, in which s e qu e ntial imag e s transmitt e d to the 
ee mputer are stor e d in th e comput e r m e mory with a t e mp e rature transmitt e d fi-om t he 
h e ating block at the tim e of creating of th e imag e , and after compl e tion of the h e ating 
eve l e th e stor e d imag e s ar e processed to generat e data r e lating to the int e nsity of the 
15 imag e at s e l e ct e d sampl e locations, and th e int e nsity data and t e mp e ratur e data are us e d 
te- g e n e rat e a plot of int e nsity against t e mp e rature fi-om which m e lting point valu e G ^^^-the 
s e l e cted sampl e s can be assess edr 

8. Apparatus for m e asuring m e lting point valu e s comprising: 
20 a h e ating d e vice with t e mp e ratur e s e nsing m e ans that giv e s a comput e r r e adabl e 
output of the t e mp e ratur e of th e block: 

a-s ampl e support tray that can b e placed on th e heating d e vic e to heat samples plac es 

on th e s upport tray: 

Ore am e ra that can be position e d to obs e r\^ e samples on th e support tray: m e ans for 
25 illuminating the samples for observation by th e cam era? 

een trol means for varying th e temperature of th e h e ating d e vic e over a temp e rat we 
rang e from below th e anticipat e d melting, softening or d e composition point of th e 
S£ff npl e s to abov e th e anticipated m e lting, soft e ning or d e composition points of th e 
sampl e s: 

30 a comput e r r e ceive imag e data fi"om the cam e ra and t e mp e rature data fi-om the 
sen sing m e ans on the h e ating bloe kr 
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fee ording m e ans to log imag e s at each s e l e ct e d sampl e locations and record th e 
temp e ratur e of th e h e ating block: 

an- image proc e ssing program load e d in th e computer and op e rabl e to r e vi e w th e 
im agOG rec e iv e d from th e cam e ra, for e xample monitoring the intensity of the image at 
5 e ach or s e l e ct e d sampl e locations; 

wh ereby significant chang e s in th e imag e s can b e correlat e d with th e t e mperatur e of 
th e h e ating block. 

9;- ^pparatus according to claim 8 in which th e cam e ra is digital cam e ra or w e b eam 
10 transmitting imag e data to computer during th e h e ating sequenc e . 

Abstract 

In a method of measuring a temperature value associated with making, softening 
or decomposition of sample substances, an array of samples is deposited onto a supp ort 

15 tray, -fhe support tray is placed onto a heating device provided with temperature sensing 
means, the support tray is illuminated, and the array of samples is observed by a imaging 
device. WNle varying the temperature of the heating device, the image data from the 
imaging device is fed to an image recording device and temperature values associated 
with each feed of image data are also recorded. The image data is reviewed to detect 

20 changes in the image, such as image intensity, at each or selected sample locations, and 
thetemperature of the heating device at an image change associated with a change in state 
of a sample is logged. Image processing software may be used to detect changes in the 
image, for example in the intensity of the image, at each sample location. The method 
may be used as a means for rapidly obtaining a melting point value for comparison of the 

25 physical characteristics of the members of a library of samples, especially polymer 
samples. 



